A ge-related macular degeneration is a leading cause of severe and irreversible vision loss in the developed world among people 50 years of age or older. [1] [2] [3] [4] The neovascular form of the disease is characterized by the growth of abnormal, choroidal blood vessels beneath the macula, which causes severe loss of vision. 5 Two main patterns of choroidal neovascularization that are associated with age-related macular degeneration, as seen on fluorescein angiography, are classic (in which intensely bright fluorescence is seen in early phases of the angiogram and leaks in late phases) and occult (in which leakage is less intense and appears in the late phases of disease). 6 Choroidal neovascular lesions that are predominantly (50% or more) classic in composition cause more severe and more rapid loss of vision than do lesions that are minimally (less than 50%) classic or occult. 7, 8 Photodynamic therapy with verteporfin 9-12 and intravitreal administration of pegaptanib sodium are approved by the Food and Drug Administration (FDA) and the European Agency for the Evaluation of Medicinal Products for the treatment of neovascular age-related macular degeneration. 13 Neither treatment has resulted in clinically significant improvements in visual acuity.
Ranibizumab -a recombinant, humanized monoclonal antibody Fab that neutralizes all active forms of vascular endothelial growth factor A (VEGF-A) -was recently approved by the Food and Drug Administration for the treatment of this condition. Elsewhere in this issue of the Journal, Rosenfeld et al. report on a phase 3 study, called the Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular Age-Related Macular Degeneration (MARINA), 14 which demonstrated that monthly intravitreal injections of ranibizumab prevented the loss of visual acuity in approximately 95% of patients and improved visual acuity in one quarter to one third of treated patients during 24 months of treatment. In a similar manner, the addition of ranibizumab to verteporfin photodynamic therapy in patients with predominantly classic choroidal neovascularization was associated with a reduction in the loss of visual acuity, as compared with verteporfin therapy alone, and with an improvement in visual acuity over baseline in many patients. 15 We report the first-year results of a 2-year, phase 3 study, which compared the efficacy and safety of repeated intravitreal injections of ranibizumab with that of photodynamic therapy with verteporfin in patients with predominantly classic lesions associated with neovascular age-related macular degeneration.
ME THODS

Study Design
The Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in Age-Related Macular Degeneration (ANCHOR) trial was an international, multicenter, randomized, double-blind, active-treatment-controlled study. Before the initiation of the study, we obtained approval from institutional review boards or ethics committees at all clinical centers. Patients provided written informed consent for study participation. Screening lasted as long as 28 days.
For inclusion in the study, patients had to be at least 50 years of age; have a lesion whose total size was no more than 5400 μm in greatest linear dimension in the study eye; have best-corrected visual acuity of 20/40 to 20/320 (Snellen equivalent), assessed with the use of Early Treatment Diabetic Retinopathy Study (ETDRS) charts; have no permanent structural damage to the central fovea; and have had no previous treatment (including verteporfin therapy) that might compromise an assessment of the study treatment. No patients were excluded because of preexisting cardiovascular, cerebrovascular, or peripheral vascular conditions.
Study Treatment
We randomly assigned eligible patients in a 1:1:1 ratio to receive either 0.3 or 0.5 mg of ranibizumab (Lucentis, Genentech) plus sham verteporfin therapy or sham intravitreal injections plus active verteporfin therapy. Randomization was stratified according to study center and to visual-acuity scores on day 0 (<45 letters vs. ≥45 letters, with a score of 45 letters as the approximate Snellen equivalent of 20/125 vision). In the group that received photodynamic therapy with verteporfin, intravenous administration of verteporfin (Visudyne, Novartis Pharmaceuticals) was followed by laser irradiation of the macula, according to instructions provided in the product package insert (www.visudyne.com). In the ranibizumab groups, sham verteporfin therapy was achieved by an intravenous infusion of saline rather than verteporfin, followed by laser irradiation of the macula identical to that in the active verteporfin-therapy group.
Ranibizumab was injected into the study eye at a monthly interval (ranging from 23 to 37 days, for a total of 12 injections, excluding the injection at month 12) in the first year, beginning on day 0; sham injections were administered on the same schedule. Either verteporfin or sham verteporfin was administered on day 0 and then if needed on the basis of investigators' evaluation of angiography at months 3, 6, 9, or 12.
The study was designed and analyzed by a committee composed of Dr. Brown, representing the academic investigators, and representatives of Genentech. In analyzing the data and writing this manuscript, Dr. Brown had full and unrestricted access to the data, and all coauthors contributed to the interpretation of the data and the writing of the manuscript. The authors vouch for the accuracy and completeness of the report ed data.
Statistical Analysis
We performed efficacy analyses on an intentionto-treat basis with the use of a last-observationcarried-forward method for missing data. Pairwise treatment comparisons were performed with the use of statistical methods adjusting for baseline scores of visual acuity (<45 letters vs. ≥45 letters) and, for lesion morphologic end points, the baseline value of the lesion characteristic. Binary end points were analyzed with the use of the Cochran chi-square test. 16 Mean changes from baseline were analyzed with the use of analysis of variance for end points with respect to visual acuity and an analysis of covariance for morphologic end points. The Hochberg-Bonferroni multiple-comparison procedure 17 was used to adjust for the two pairwise treatment comparisons of the primary end point. Safety analyses included all treated patients.
The number of patients required for statistical 11.0 in the 0.3-mg group, and 11.2 in the 0.5-mg group. Including the required administration on day 0 and excluding month 12, active verteporfin therapy was administered a mean of 2.8 times in the verteporfin group, and sham verteporfin was administered a mean of 1.7 times in each of the ranibizumab groups. Randomized treatment groups were balanced for demographic and baseline ocular and morphologic characteristics (Table 1 ). The independent reading center subtyped the choroidal neovascularization as predominantly classic in all patients during the expedited screening evaluation. Subsequent reevaluation confirmed the initial classification in 96.9% of patients, and 3.1% were reclassified. In each group, the mean total lesion area was slightly less than 2 optic-disk areas (1 opticdisk area equals 2.54 mm 2 on the basis of 1 opticdisk diameter of 1.8 mm).
Primary and Secondary End Points
All end points with respect to visual acuity in the study eye at 12 months favored ranibizumab treatment over verteporfin therapy. With respect to the primary efficacy end point, 94.3% of patients in the 0.3-mg group and 96.4% in the 0.5-mg group lost fewer than 15 letters from baseline visual acuity, as compared with 64.3% in the verteporfin group (P<0.001 for each comparison) (Fig. 1A) . In addition, the proportion of patients whose visual acuity improved from baseline by 15 or more letters was significantly greater among those receiving ranibizumab treatment (35.7% in the 0.3-mg group and 40.3% in the 0.5-mg group, as compared with 5.6% in the verteporfin group; P<0.001 for each comparison) (Fig. 1B) . Significantly greater proportions of ranibizumab-treated patients than patients in the verteporfin group had visual acuity of 20/40 or better (P<0.001 for the comparison of each ranibizumab group with the verteporfin group) (Fig. 1C) , and smaller proportions had visual acuity of 20/200 or worse (P<0.001 for each comparison) (Fig. 1D) . A severe loss of visual acuity (defined as a decrease of 30 letters or more) did not occur in any patient in the ranibizumab groups but occurred in 13.3% of patients in the verteporfin group (P<0.001 for each comparison) (Fig. 1E ). Although no patient had baseline visual acuity of 20/20 or better, at 12 months 7.1% of the patients in the 0.3-mg group and 6.4% in the 0.5-mg group had visual acuity of 20/20 or better, as compared with 0.7% of patients in the verteporfin group.
The tracking of mean changes in visual-acuity scores over time showed that the values in each of the ranibizumab groups were significantly superior to those in the verteporfin group at each month during the first year (P<0.001) (Fig. 2) . On average, visual acuity of ranibizumab-treated patients increased by 5.9 letters in the 0.3-mg group and 8.4 letters in the 0.5-mg group at 1 month after the first treatment and increased further over time to a gain of 8.5 letters in the 0.3-mg group and 11.3 letters in the 0.5-mg group by 12 months. In contrast, the verteporfin group had an average loss in visual acuity at each month after the first month, with a mean loss of 9.5 letters by 12 months. Results for all end points with respect to visual acuity at 12 months were similar when the analyses used the observed data with no imputation of missing values (data not shown).
Results for prespecified secondary end points related to the morphologic characteristics of lesions are summarized in Table 2 . At 12 months, the area occupied by classic choroidal neovascularization decreased by a mean of 0.52 optic-disk area in the 0.3-mg group and 0.67 optic-disk area in the 0.5-mg group, as compared with a mean increase of 0.54 optic-disk area in the verteporfin group (P<0.001 for each comparison). The area of leakage from choroidal neovascularization plus The area occupied by choroidal neovascularization (classic and occult, if present) increased by a mean of 1.63 optic-disk areas in the verteporfin group, as compared with small mean increases of 0.20 optic-disk area in the 0.3-mg group and 0.22 optic-disk area in the 0.5-mg group (P<0.001 for each comparison). The mean lesion area increased in the verteporfin group to 2.56 optic-disk areas, as compared with small increases in the ranibizumab groups of 0.36 optic-disk area in the 0.3-mg group and 0.28 optic-disk area in the 0.5-mg group (P<0.001 for each comparison).
Adverse Events
Safety results are summarized in Table 3 . Serious ocular adverse events associated with treatment were uncommon. Endophthalmitis, classified as a condition treated with intravitreal or systemic antibiotics, was reported in one patient, who was in the 0.5-mg group (0.7%). An additional patient in the 0.5-mg group (0.7%) had two events of intraocular inflammation that were classified by the investigator as serious uveitis. However, since one of the events was treated with systemic antibiotics (without obtaining ocular culture specimens or treatment with intravitreal antibiotics), this patient was presumed to have had endophthalmitis, and was so classified in Table 3 . Rhegmatogenous retinal detachment occurred in one patient (0.7%) in the 0.3-mg group and one in the verteporfin group, and vitreous hemorrhage occurred in one patient (0.7%) in the 0.3-mg group.
Rates of adverse events of intraocular inflammation (pooled for reported events of iritis, iridocyclitis, vitritis, uveitis, and anterior-chamber inflammation) were higher in both ranibizumab groups (10.2% in the 0.3-mg group and 15.0% in the 0.5-mg group) than in the verteporfin group (2.8%). Rates of intraocular inflammation (regardless of cause) observed during slit-lamp examination were consistent with those reported as adverse events (12.4% in the 0.3-mg group and 17.1% in the 0.5-mg group, as compared with 3.5% in the verteporfin group). Most patients in all groups had no observable inflammation during the study, and the proportion of inflammation events graded 2+ or higher among ranibizumab-treated pa- tients was small: three patients in each dose group (2.2% in the 0.3-mg group and 2.1% in the 0.5-mg group). Transient changes in intraocular pressure after injection were common in the ranibizumabtreated patients. The proportion of patients with a postinjection intraocular pressure of 30 mm Hg or more was greater in both ranibizumab groups (8.8% in the 0.3-mg group and 8.6% in the 0.5-mg group) than in the verteporfin group (4.2%). However, very few patients had measurements of 40 mm Hg or more (2.9% in each ranibizumab group vs. 0.7% in the verteporfin group).
The ranibizumab groups had an increased frequency of cataract formation (10.9% in the 0.3-mg group and 12.9% in the 0.5-mg group, as compared with 7.0% in the verteporfin group). With the exception of one severe cataract in the verteporfin group, all adverse events associated with cataracts were mild or moderate. A small number of patients had changes in lens status reported during the first treatment year. Of patients whose study eye was phakic at baseline, five underwent cataract surgery during the 12 months of the study: four (5.3%) in the 0.3-mg group and one (1.2%) in the 0.5-mg group, as compared with none in the verteporfin group. Visual-acuity outcomes of these patients at 12 months were not notably different from those of the respective treatment groups overall. No traumatic lens damage was reported in the study eye of any patient during the first treatment year.
There was no overall imbalance among groups in the rates of serious nonocular adverse events: 14.6% in the 0.3-mg group and 20.0% in the 0.5-mg group, as compared with 19.6% in the verteporfin group. The numbers of deaths were similar across groups: three patients (2.2%) in the 0.3-mg ranibizumab group and two patients each (1.4%) in the 0.5-mg group and verteporfin group. With respect to specific nonocular adverse events, there were imbalances in back pain and nonocular hemorrhage (a combination of serious and nonserious events). Back pain was less common in the ranibizumab groups (3.6% in the 0.3-mg group and 1.4% in the 0.5-mg group) than in the † P values are for the comparison of each dose of ranibizumab with verteporfin therapy. Comparisons were based on pairwise analysis-of-covariance models adjusted for the stratification variable (a baseline visual-acuity score of <45 letters or ≥45 letters) and the baseline value of the end point. The last-observation-carried-forward method was used to impute missing data. All statistical tests were two-sided. ‡ One optic-disk area is equal to 2.54 mm 2 on the basis of 1 optic-disk diameter of 1.8 mm.
The verteporfin group (9.1%) and is a well-known potential adverse reaction to verteporfin infusion. 18 The incidence of nonocular hemorrhage, an adverse event that potentially reflects systemic VEGF inhibition, 19 was higher in the ranibizumab groups (5.1% in the 0.3-mg group and 6.4% in the 0.5-mg group, as compared with 2.1% in the verteporfin group). There was no increase in the ranibizumab groups in mean systolic or diastolic blood pressure or in the rates of hypertension and proteinuria, other adverse events potentially reflecting systemic VEGF inhibition. Serious adverse events of arterial thromboembolism were evaluated with the use of the Antiplatelet Trialists' Collaboration (APTC) criteria, in which an event is defined as a nonfatal myocardial infarction, nonfatal ischemic stroke, nonfatal hemorrhagic stroke, or death owing to vascular or unknown causes. 20 Overall, APTC-classified arterial thromboembolic events occurred in three patients (2.2%) in the 0.3-mg group, six patients (4.3%) in the 0.5-mg group, and three patients (2.1%) in the verteporfin group (Table 3) . One patient (0.7%) in each group had a nonfatal cerebrovascular event. Nonfatal myocardial infarction occurred in one patient (0.7%) in the 0.3-mg group, three patients (2.1%) in the 0.5-mg group, and in one patient (0.7%) in the verteporfin group. No apparent relationship between the onset of those events and the time of study treatment was observed; the differences were not significant. One patient in the 0.3-mg group who began concomitant treatment with the systemic anti-VEGF agent bevacizumab for metastatic cancer midway through Total serious or nonserious events*** 3 (2.1) 7 (5.1) 9 (6.4) * APTC denotes Antiplatelet Trialists' Collaboration. † Events were categorized as presumed endophthalmitis in cases in which intravitreal or systemic antibiotics were administered. ‡ Vitreous culture was positive for Staphylococcus epidermidis. § One patient had two episodes of intraocular inflammation that were reported as uveitis, but one of the episodes was classified as presumed endophthalmitis because it was treated with systemic antibiotics. In neither of these two episodes was a vitreous culture obtained, and neither was treated with intravitreal antibiotics. ¶ One patient had two episodes of rhegmatogenous retinal detachment. ∥ No serious or nonserious adverse events associated with retinal tears were reported. ** Ocular inflammation (regardless of the cause) was determined on the basis of slit-lamp examination. The grading system used to evaluate intraocular inflammation is outlined in Tables 2 and 3 of the Supplementary Appendix. † † One patient died after withdrawing from the study because of an adverse event. ‡ ‡ One patient died from cardiac arrest. § § One patient died from cardiac failure, and one patient died from worsening of chronic heart failure. ¶ ¶ One patient died from chronic obstructive pulmonary disease. ∥∥ One patient died from respiratory arrest and one from viral syndrome. *** All nonocular hemorrhagic adverse events are listed in Table 4 the study and continued to receive ranibizumab had an intestinal perforation, a known risk associated with systemic bevacizumab therapy. 19 We observed immunoreactivity to ranibizumab in a percentage of patients in all treatment groups (1.5% in the verteporfin group, 3.2% in the 0.3-mg group, and 0.8% in the 0.5-mg group) before any exposure to ranibizumab. Monitoring of immunoreactivity during the first treatment year revealed no increase from baseline in the number of patients testing positive in the verteporfin group or the 0.3-mg group (1.6% in each group at 12 months), whereas the 0.5-mg group showed an increase to 3.9% of patients at 12 months. Although the small number of patients with immunoreactivity precludes drawing definitive conclusions, proportionately more ranibizumab-treated patients who were immunoreactive at any point had adverse events associated with intraocular inflammation (3 of 6 in the 0.3-mg group and 3 of 5 in the 0.5-mg group, as compared with 0 of 3 in the verteporfin group) than did patients who were never immunoreactive (11 of 127 in the 0.3-mg group and 17 of 129 in the 0.5-mg group, as compared with 3 of 129 in the verteporfin group). The presence or absence of immunoreactivity appeared to be unrelated to end points associated with visual acuity or nonocular adverse events potentially related to immunoreactivity.
Discussion
Our study demonstrated that ranibizumab prevents central vision loss and improves mean visual acuity at 1 year. In this study, monthly intravitreal injections of ranibizumab were superior in efficacy to verteporfin therapy. Although our study was not designed to evaluate the superiority of one ranibizumab dose over the other, efficacy results suggest a dose-response effect.
Intravitreal injections of ranibizumab were associated with a low rate of serious ocular adverse events, including such key events as presumed endophthalmitis, severe intraocular inflammation, and retinal detachment (each of which was reported in less than 1% of the pooled ranibizumabtreated patients and in less than 0.1% of ranibizumab injections). The ocular safety profiles for the three treatment groups revealed no overall imbalance in serious and nonserious adverse events, although there were trends toward increased rates of intraocular inflammation (generally mild), cataract (consistently mild or moderate), and nonocular hemorrhage with ranibizumab. The rates of intraocular inflammation and cataract in the ranibizumab groups were similar to those for ranibizumab-treated patients in the MARINA study. 14 However, the rates of these events in the verteporfin group in our study were lower than the rates in the sham-injection group in the MARINA study. 14 Regarding adverse events that potentially reflect systemic VEGF inhibition, no adverse events of proteinuria were reported and no imbalance in adverse events of hypertension or in blood-pressure measurements was noted in either our study or the MARINA study. In both studies, ranibizumab-treated patients had a higher percentage of nonocular hemorrhages than did patients who did not receive ranibizumab, and patients treated with a 0.5-mg dose had a higher rate of APTC-classified arterial thromboembolic events than did those who received a 0.3-mg dose or verteporfin therapy (Table 3 ). Since our study was not designed to distinguish small differences in rare adverse events among treatment groups, the clinical significance of these trends is unclear and requires further attention. In the MARINA study, with 2 years of study treatment, the rates of events classified as arterial thromboembolism according to APTC criteria were similar among the treatment groups. 13 Follow-up is continuing through 2 years of treatment in our study to identify these events. The clinical significance of immunoreactivity to ranibizumab observed with the assay method used in our study and in the MARINA study is also not clear.
In summary, the ANCHOR study showed that ranibizumab administered monthly by intravitreal injection was superior in efficacy to photodynamic therapy with verteporfin in patients with subfoveal, predominantly classic choroidal neovascularization associated with age-related macular degeneration. The first-year results of our study and the 2-year results of the MARINA study, considered together, demonstrate that ranibizumab was effective with an acceptable adverse-event profile in the treatment of all angiographic subtypes of choroidal neovascularization associated with age-related macular degeneration.
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